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(54) Binoculars having objectives spaced apart at a fixed distance and adjustable eyepieces 

(57) Binoculars have a pair of objective units (1 ) that 
are separated with a fixed spacing and are used for 
forming an image. The binoculars also include a pair of 
erecting prism units (2) each having a roof face and 
used for transforming the image to an erect image. A 



the erecting prism units, respectively. The eyepiece 
units are rotatable around the optical axes of the objec- 
tive units, respectively. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention broadly relates to binoculars 
and more particularly, to binoculars in which two objec- 
tives are separated with a fixed spacing (the length of a 
ground line) so as to change the eyepiece width. 



Hitherto, large binoculars, in particular, are known 
as binoculars whose two objectives are spaced apart at 
a fixed distance. 

In this type of large binoculars, the Porro l-type 
prisms shown in Fig. 5 or the Porro ll-type prisms shown 
in Fig. 6 are mostly used as erecting prisms for adjust- 
ments of the eyepiece width. These types of prisms 
inevitably require a larger prism chamber used for stor- 
ing the prisms therein when compared to roof prisms for 
use in small binoculars, but the above type of binoculars 
are not usually designed to be portable, whereby the 
size of the binoculars present almost no problem. Addi- 
tionally, the use of the Porro prisms makes it easier to 
manufacture the binoculars than the use of roof prisms. 

Further, in addition to the above type of large binoc- 
ulars provided with two objectives separated across a 
fixed spacing, binoculars equipped with a specific func- 
tion are known: for example, binoculars having a built-in 
autofocus function, as disclosed in Japanese Patent 
Laid-Open No. 4-342212, and binoculars having a built- 
in shake correcting function, as disclosed in Japanese 
Patent Publication No. 57-37852. In the former type of 
binoculars, the spacing between the eyepieces (eye- 
piece width) is changed by rotating the image inverting 
prisms and the eyepieces around the optical axes of the 
objectives, respectively. On the other hand, in the latter 
type of binoculars, rhomboid prisms are added as 
means for varying the spacing between the eyepieces, 
because of the use of roof prisms which achieves sub- 
stantial linearity between the optical axis along which 
the incident light travels and the optical axis along which 
the exit light travels. The roof prisms are coming into fre- 
quent use even for ordinary binoculars with a view to 
achieving smaller and lighter-weight binoculars. 

However, the above types of conventional binocu- 
lars using the Porro prisms encounter the following 
problems. As illustrated in Figs. 7 and 8, the spacing 
between eyepieces 33 are kept to match the average 
gap between the user's eyes in order to maintain the 
distance between the optical axis along which a beam 
passes and impinges on the prism and the optical axis 
along which the beam passes and exits from each of the 
eyepieces 33 within certain values. With this arrange- 
ment, the objectives 31 should be located somewhere 
on the circumference having a radius indicated by R 
around the optical axis of the eyepiece 33, as shown in 



Figs. 7 and 8. That is, the positional relationship 
between the objectives 31 and the eyepieces 33 and the 
arrangement of the prisms 32 cannot be totally flexible, 
but rather restricted in a certain manner. The same 

5 applies to the use of Porro ll-type prisms. 

Because of this problem, restrictions are further 
imposed on the arrangement of the optical system for 
use in the binoculars having a built-in shake correcting 
function, an autofocus function and so on, which ham- 

w pers the downsizing of binoculars. 

Additionally, when the Porro prisms, which require a 
larger prism chamber than the roof prisms, are used in 
binoculars provided with two objectives separated with 
a fixed spacing, the portions required for rotating the 

J5 eyepieces and the prism chambers are enlarged, 
thereby hampering the ease of operation. 

SUMMARY OF THE INVENTION 

20 Accordingly, it is an object of the present invention 
to provide binoculars whose objectives are spaced 
apart at a fixed distance, in which the rotation of objec- 
tives is not employed for adjustments of the eyepiece 
width, and instead, a mere rotating operation of eye- 

25 piece portions can change the spacing between the 
eyepieces (eyepiece width), whereby the space of the 
entire main unit of the binoculars can be effectively uti- 
lized, thereby downsizing the overall binoculars contain- 
ing possible added functions, for example, a built-in 

30 shake correcting function and an autofocus function. 

It is another object of the present invention to pro- 
vide binoculars in which adjustments of the eyepiece 
width can be made merely by the rotation of the Pechan 
roof prisms and the eyepieces, even with the use of roof 

35 prisms as erecting prisms, without requiring another 
type of optical member, such as rhomboid prisms. 

It is still another object of the present invention to 
provide binoculars provided with objectives spaced 
apart at a fixed distance, in which a prism chamber for 

40 storing the Pechan roof prisms is made smaller, thereby 
enhancing the ease of operation. 

It is a further object of the present invention to pro- 
vide binoculars in which only one elastic member is 
required for performing easy and reliable locating and 

45 fixing of the respective prisms, which are comprised of 
the Pechan roof prisms, to a prism casing. 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 
ing description of the preferred embodiments with refer- 
so ence to the attached drawings. 

RRIFF PESCBJETJPJj OF THE DRAWINGS 

Fig. 1 is a cross sectional view of binoculars 
55 according to an embodiment of the present inven- 
tion; 

Fig. 2 is a block diagram of the construction of a 
shake correction system employed in the binocu- 
lars according to the same embodiment; 
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Fig. 3 is a sectional view of an erecting prism unit of 
the binoculars according to the same embodiment; 
Fig. 4 is an exploded perspective view of the erect- 
ing prism unit according to the same embodiment; 
Fig. 5 illustrates the Porro l-type prism; 
Fig. 6 illustrates the Porro ll-type prism; 
Fig. 7 illustrates an adjustment of the eyepiece 
width employed in conventional binoculars; and 
Fig. 8 illustrates an adjustment of the eyepiece 
width employed in conventional binoculars. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 is a cross sectional view of binoculars pro- 
vided with a shake correcting function according to an 
embodiment of the present invention. Fig. 2 is a block 
diagram of the essential portion of the binoculars shown 
in Fig. 1 . Fig. 3 is a partial view of the binoculars shown 
in Fig. 1. Fig. 4 is an exploded perspective view of the 
binoculars shown in Fig.3. Referring to Figs. 1 to 4, the 
binoculars include objectives 1, optical axes 1a of the 
respective objectives 1 (optical axes along which inci- 
dent light travels), erecting prism units 2, eyepieces 3, 
optical axes 3a of the eyepieces 3 (optical axes along 
which exit light travels), a main unit 4, a rear cover 5, an 
eyepiece rotating frame 6, a circuit substrate 7, shake 
sensors 7a, vertical-angle-variable prism units 8, verti- 
cal-angle-variable prisms 8a, and batteries 9. Among 
the respective elements described above, the objec- 
tives 1, the erecting prism units 2, the eyepieces 3, the 
vertical-angle-variable prism units 8 and the like, are all 
symmetrically paired with respect to the axis S. 

With this construction, a light beam coming through 
the objectives 1 is relayed via the erecting prism units 2 
and the eyepieces 3 so that an image formed by the 
objectives 1 can be observed through the eyepieces 3. 

As shown in Fig. 3, each erecting prism unit 2 com- 
prises an auxiliary prism 2b, a Schmidt prism 2c, a 
spacer 10, a leaf spring 11 for fixing the above-men- 
tioned elements, and the like. The erecting prism unit 2 
is securely mounted on the eyepiece rotating frame 6. 

The auxiliary prism 2b is comprised of a first face 
21 disposed perpendicular to the optical axis 1a along 
which the incident light travels, a second face 22 tilting 
at 45° with respect to the optical axis 1a, a third face 23 
(reflecting surface) tilting at 22.5° with respect to the 
second face 22, and so on. The Schmidt prism 2c is 
formed of a first face 24 disposed perpendicular to the 
optical axis of the auxiliary prism 2b, a second face 25 
tilting at 45° with respect to the first face 24, a third face 
26, i.e., a roof reflecting surface whose ridge forms an 
angle of 67.5° with a ridge of the second face 25. The 
auxiliary prism 2b and the Schmidt prism 2c constitute 
what is called the Pechan roof prisms. 

As illustrated in Figs. 1 and 2, the vertical-angle- 
variable prism unit 8 and the circuit substrate 7 are dis- 
posed between the objective 1 and the erecting prism 
unit 2. The battery 9, serving as power supply for the cir- 



cuit substrate 7 and the vertical-angle-variable prism 8, 
is disposed between a pair of objectives 1 . 

The eyepiece 3 is held by the eyepiece rotating 
frame 6 in such a manner that the optical axis 3a of the 

s eyepiece 3 matches the optical axis of the exit light 
passing through each erecting prism 2. The rear cover 5 
is attached to the main unit 4 holding a pair of objectives 
1 therein. A pair of bearings 5a, which rotate around the 
optical axis 1 a of each of the objectives 1 , are provided 

10 for the rear cover 5 and rotatably hold each of the eye- 
piece rotating frames 6. 

The construction of the shake correction system will 
now be explained with reference to Fig. 2. This system 
is comprised of a shake sensor 7a, a microcomputer 7b, 

15 a vertical-angle-variable prism 8a, a driving actuator 8b 
for the vertical-angle-variable prism 8a, a prism vertical 
angle sensor 8c and so on. The vertical-angle-variable 
prism 8a, the driving actuator 8b, the prism vertical 
angle sensor 8c and other elements partially constitute 

20 the vertical-angle-variable prism unit 8. 

Only one side of the optical system of the binocu- 
lars is shown in Fig. 2, in reality, however, this system is 
provided for each of a pair of optical systems. 

Referring to Fig. 2, the shake sensor 7a, which is a 

as gyrosensor, mounted on the circuit substrate 7 is com- 
prised of a pitch shake sensor for detecting pitch shake 
and a yaw sensor for detecting yaw shake, the two sen- 
sors being mounted on the circuit substrate 7 while the 
sensing axes of the respective sensors are orthogonal 

so to each other. With this arrangement, the shake sensor 
7a detects a deviation caused by shake (angular accel- 
eration) and outputs the information as a signal to the 
microcomputer 7b. 

The shake correcting operation will now be 

35 described. The microcomputer 7b receives the informa- 
tion on a deviation due to shake (angular acceleration) 
from the shake sensor 7a and simultaneously computes 
the prism vertical angle at which the possible image 
deviation due to shake can be corrected by changing 

« the direction of the light beam passing through the ver- 
tical-angle-variable prism 8a. At the same time, the 
prism driving actuator 8b is started to change the verti- 
cal angle of the prism 8a. 

The prism vertical angle sensor 8c measures the 

45 vertical angle of the prism 8a and outputs it to the micro- 
computer 7b. If this vertical angle coincides with the 
value computed by the microcomputer 7b, the micro- 
computer 7b exerts control over the prism driving actu- 
ator 8b to bring it to a stop. 

so An explanation will further be given of the operation 
of this embodiment. The objectives 1 form an image of 
a subject placed in front of the observer in a position at 
the rear of the objectives 1 and substantially in the posi- 
tion at the front focus of the eyepieces 3. For this image 

55 formation, the light beam coming along each optical 
axis 1a of the objective 1 (optical axis light beam) per- 
pendicularly impinges on the first face 21 of the auxiliary 
prism 2b and is totally reflected on the second face 22 
so as to be deflected at 90°. Subsequently, after the 



5 



EP 0 725 295 A1 



6 



optical axis light beam is reflected on the third face 
(reflection surface) 23, it perpendicularly passes 
through the second face 22 to exit from the auxiliary 
prism 2b and strikes on the first face 24 of the Schmidt 
prism 2c. Then, the light beam is further incident on the 5 
second face 25 at an angle of 45° and is totally reflected 
twice. The light beam then perpendicularly passes 
through the second face 25 to finally exit from the 
Schmidt prism 2c. 

During the above-described operation of the prism 10 
unit 2, since the light beam in the plane of Fig. 1 is 
reflected five times, the image formed by the objectives 
1 is reversed from side to side. On the other hand, the 
light beam in the vertical direction of the plane of Fig. 1 
is reversed upside down on the roof reflection surface is 
26, with the result that the overall image formed by the 
objectives 1 is also reversed upside down. 

Any binocular shake is corrected by deflecting the 
entire light beam in a manner similar to the above- 
described shake corrected by use of the vertical-angle- 20 
variable prism unit 8 located at the rear of the objectives 
1. 

The subject image formed as an erect image sub- 
stantially in a position of the front focuses of the eye- 
pieces 3 is enlarged by the eyepieces 3 to form a virtual ss 
image that will be observed by the user. 

In this embodiment the optical axis 1a along which 
a beam passes and impinges on the auxiliary prism 2b 
(at the center of the light beam) and the optical axis 3a 
along which the beam travels and ejects from the 30 
Schmidt prism 2c (at the center of the light beam) are 
spaced eccentrically away from each other at a distance 
of 10 mm. This means that the axis extending from the 
optical axis 1a of the objective 1 is intentionally dis- 
placed from the optical axis 3a of the eyepiece 3. With 35 
this arrangement, the eyepiece rotating frame 6 is 
rotated so that the eyepiece 3 located eccentrically 
decentered from the optical axis 1 a of the objective 1 in 
an amount of 10 mm moves on a circumference 10 mm 
in radius around the optical axis 1a. Accordingly, the 40 
spacing between the left and right eyepiece 3 can be 
adjusted in a range at a maximum of 40 mm by rotating 
the respective lens frames 6. 

A description will further be given of a sectional 
view of the erecting prism unit 2 shown in Fig. 3 and an 45 
exploded perspective view of the erecting prism unit 2 
illustrated in Fig. 4. Referring to Fig. 3, the spacer 10 
intervenes between the respective inclined faces of the 
Schmidt prism 2c and the auxiliary prism 2b accommo- 
dated in the prism casing 2a and all the elements are so 
securely held by the leaf spring 11. The spacer 10 is 
bored not to block the optical passage of the prism and 
not to contact the total reflecting portions of the prisms. 

In Fig. 4, the respective prisms that are vertically 
pressed by way of claws 11a, 11b and 11c generate 55 
component forces in the horizontal direction as indi- 
cated by the arrows shown in Fig. 4. The prisms are 
thus located by pressing against the lateral walls of the 
prism casing 2a. 



The leaf spring 1 1 , serving to hold the prisms, may 
be a metal leaf spring, a coil spring, or a spring utilizing 
the elasticity of plastics or rubber. For securer attach- 
ment of the prisms to the casing 2a, an adhesive may 
preferably be used together with the leaf spring 1 1 . 

In this embodiment the erecting prism unit is com- 
prised of Pechan prisms formed by a combination of the 
auxiliary prism 2b and the Schmidt prism 2c. With this 
construction, the distance between the optical axis 1a 
along which the incident light travels and the optical axis 
3a along which the exit light passes can be set as 
desired by varying the dimensions of at least one of the 
auxiliary prism 2b and the Schmidt prism 2c, or alterna- 
tively, by changing the relative positions of the prisms. 
For example, in Fig. 3, the second face 25 of the 
Schmidt prism 2c is moved upward, or the Schmidt 
prism 2c is moved along the spacer 10 in the upper left 
direction, thereby reducing the distance between the 
optical axis 1 a along which the incident light travels and 
the optical axis 3a along which the exit light passes to 
less than 10 mm. It should be noted that a distance 
smaller than 3 mm between those optical axes 1a and 
3a hampers the sufficient adjustments of the eyepiece 
width even by rotating the eyepiece rotating frames. 
Thus, the optical axes 1a and 3a are preferably sepa- 
rated at a spacing of 3 mm or greater. 

According to this embodiment, in binoculars whose 
two objectives are separated apart with a fixed spacing, 
the space formed between the two objectives can be 
effectively utilized. The eyepiece width can be adjusted 
merely by rotating the eyepiece rotating portions, 
thereby enhancing the sufficient use of the entire space 
within the main unit of the binoculars. Thanks to these 
advantages, the overall binoculars provided with the 
shake correcting function and the like can be down- 
Also, the dimensions (including the angle) of the 
Pechan prisms are varied so that the eyepiece width 
can be set as desired. This increases the flexibility of 
the arrangement of the optical parts and further 
enhances the easy provision of other types of functions. 

The use of Pechan roof prisms for the erecting 
prism unit requires only an extremely small prism casing 
to store the prisms therein, thereby further downsizing 
the overall binoculars. 

in some binoculars of the type in which the two 
objectives are spaced apart at a constant distance, the 
eyepiece width is adjusted by integrally rotating all the 
elements including the objectives and the eyepieces. In 
this type of binoculars, however, the rotation of the 
objectives makes it difficult to utilize the space between 
the objectives for other purposes. 

As will be clearly understood from the foregoing 
description, the present invention offers the following 
advantages. 

In binoculars in which two objectives are separated 
apart with a fixed spacing and adjustments of the eye- 
piece width are not made by rotating the objectives, the 
spacing between the two eyepieces (eyepiece width) 
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can be changed merely by rotating the eyepiece rotating 
portions. This enables the effective use of the space 
within the main unit of the binoculars. As a conse- 
quence, downsizing is possible for the overall binoculars 
even provided with a built-in shake correcting function, 
an autofocus function and so on. 

Although roof prisms are used for erecting prisms, 
adjustments of the eyepiece width can be made merely 
by varying the dimensions of the Pechan prisms and by 
the rotation of the eyepieces without requiring another 
type of optical member, such as rhomboid prisms. 

Further, in binoculars provided with two objectives 
spaced apart at a fixed distance, only a smaller prism 
chamber is required to store the prisms therein, thereby 
enhancing the ease of operation. 

Additionally, only one elastic member is needed for 
performing easy and positive locating and fixing of the 
respective prisms, which are comprised of the Pechan 
roof prisms, to the prism casing. 

While the present invention has been described 
with reference to what are presently considered to be 
the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodi- 
ments. On the contrary, the invention is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 
appended claims. The scope of the following claims is to 
be accorded the broadest interpretation so as to 
encompass all such modifications and equivalent struc- 
tures and functions. 

Binoculars have a pair of objective units that are 
separated with a fixed spacing and are used for forming 
an image. The binoculars also include a pair of erecting 
prism units each having a roof face and used for trans- 
forming the image to an erect image. A pair of eyepiece 
units receive beams ejecting from the erecting prism 
units, respectively. The eyepiece units are rotatable 
around the optical axes of the objective units, respec- 
tively. 

Claims 

1. Binoculars comprising: 

a pair of objective units for forming an image, 
said pair being separated with a fixed spacing; 

a pair of erecting prism units for transforming 
the image received from said pair of objective units 
to an erect image, each of said pair of erecting 
prism units having a roof face; and 

a pair of eyepiece units receiving the erect 
image from said erecting prism units, respectively, 
each of said pair of eyepiece units being rotatable 
around an optical axis of a corresponding one of 
said pair of objective units. 

2. Binoculars according to claim 1 , wherein the optical 
axis of said eyepiece unit is displaced from the opti- 
cal axis of said objective in an amount of at least 3 
mm. 
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3. Binoculars according to claim 1 , wherein each of 
said pair of erecting prism units comprises a 
Pechan roof prism. 

s 4. Binoculars according to claim 3, wherein said 
Pechan roof prism comprises an auxiliary prism 
and a Schmidt prism. 

5. Binoculars according to claim 1 , further comprising 
10 an autofocus unit for performing an autofocus func- 
tion. 

6. Binoculars according to claim 1 , further comprising 
a shake correction unit for correcting shake in said 

15 binoculars. 

7. Binoculars according to claim 1 , further comprising: 

a pair of vertical-angle-variable prisms, each 
one of said pair of vertical-angle-variable prisms 
20 being disposed between one of said pair of objec- 
tive units and a corresponding one of said pair of 
erecting prism units; 

a microcomputer; 

a shake sensor for detecting a deviation 
25 caused by shake and sending a signal indicative of 
the deviation to said microcomputer; 

a prism vertical angle sensor for measuring 
a vertical angle of said pair of vertical-angle-varia- 
ble prisms; and 
30 a driving actuator for driving said pair of ver- 

tical-angle-variable prisms in response to a signal 
from said microcomputer based on a computation 
by said microcomputer of a prism vertical angle for 
correcting image deviation, wherein said driving 
35 actuator is controlled by said microcomputer to stop 
driving said pair of vertical-angle-variable prisms 
when said prism vertical angle sensor measures a 
vertical angle coinciding with the correct prism ver- 
tical angle computed by said microcomputer. 

40 

8. Binoculars according to claim 7, wherein said 
shake sensor comprises a gyrosensor, said gyro- 
sensor comprising a pitch shake sensor and a yaw 
sensor. 

45 

9. Binoculars according to claim 1, wherein each of 
said pair of erecting prism units comprises: 

an auxiliary prism; 
a Schmidt prism; 
so a spacer; and 

a leaf spring, 

wherein said auxiliary prism is disposed to 
receive light from a corresponding one of said pair 
of objective units, said Schmidt prism is disposed to 
55 receive light from said auxiliary prism and direct the 
light to a corresponding one of said pair of eyepiece 
units. 
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10. A method for correcting shake in binoculars, com- 
prising the steps of: 

detecting a deviation caused by shaking of 
the binoculars; 

outputting detected deviation information to 5 
a microcomputer; 

computing a prism vertical angle for correct- 
ing deviation due to the shake; and 

changing a vertical angle of a prism until the 
vertical angle of the prism equals the computed w 
prism vertical angle. 



15 
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